Abstract 15
Introduction 34 35
In geotechnical engineering, many grouting techniques are used. Permeation grouting is the most 36 common one among these. It is defined as the injection of suspensions and/or solutions materials 37 into the soil under low pressures. Such materials as suspensions, solutions, and emulsions are 38 silicates, acrylamides, lignosulfonates, phenoplasts and aminoplasts [11] [12] [13] [14] . Chemical grouts 44
can be well applied for the conditions mentioned below [15] : 45
• Seepage control in a dam reservoir; 46
• Decreasing the soil liquefaction; 47
• Increasing the bearing capacity and the decreasing the settlement of soil material beneath 48 the foundations of structures; 49
• Stabilization of the ground around cutting face and the management of the settlement of 50 ground surface while maintaining tunnel opening activities, 51
• Lifting and erecting the leaning structures and buildings, 52
• Filling the gaps between rock and tunnel linings. 53
Preferable ones among other chemical grouts are still sodium silicates since they are 54 considered to be least toxic, safe, environmentally compatible and cost-effective. Sodium 55 silicates are prepared through the heat treatment of silicate sand or any form of silicate at 900 °C 56 with Na 2 CO 3 . After being refined, sodium silicate takes the form of an aqueous/fluid solution. 57
Water is added to this solution at various ratios to obtain the desired concentration [16] . The 58 prepared solution is neutralized by adding a material with acidic character as a reactant and 59 gelled. Over time, syneresis is observed in the gelling solutions. Syneresis is defined as the 60 release of water after reactions or deterioration of gel structure. Shrinkage is observed in gel 61 structure when syneresis appears. Strength and permeability tests have been carried out by 62 several researchers on sodium silicate grouted sands [17] [18] [19] [20] [21] [22] [23] [24] . In the experimental studies 63 conducted, the effects of curing temperature on the engineering properties of grouted sand were 64 not investigated. 65
In this experimental study, engineering properties of sodium silicate-glyoxal mixtures grouted 66 sands were investigated at different curing temperatures. 67 68
Materials Used 69 70

Grout Properties and Chemical Reaction 71
ratio of silica/alkali (n) is mostly utilized in the ranges of 3 to 4 to obtain gels having adhesive 73 characteristics notably suitable for injection. Sodium The glyoxal was transformed into oxalaldehyde, acidic derivative, through acidic medium (Eq. 88 (A.1)). Then the acidic oxalaldehyde were neutralized with basic sodium silicate as shown in Eq. 89 (A.2). Afterwards, the sodium formate (C 2 H 2 O 2 Na 2 ) salt and silicic acid (H 2 SiO 3 ) were derived, 90 however the silicic acid was observed to be unstable in air atmosphere for this reason it turned 91 into silicium dioxide (silica or silicon dioxide) (SiO 2 ) by releasing one molecule aqua and the 92 mixture became gelled. 93 94
Sand 95
In this study, the quartzite sand specimens were procured from the bank of Kızılırmak River 96 running to the Black Sea in Turkey. Firstly, the sand used was divided into two subgroups. Each 97 of the subgroup was obtained by being sifted through two sieves on which the coarser fraction of Fine and medium sands were mixed with each other at different percentages by dry mass in an 103 attempt to widen the range of sand gradation, (Table 2) . Four diverse gradations were obtained 104 along these lines, and theirs grain size distributions are presented in Figure 1 . 105
In order to prepare the sand samples for grouting at a relative density of 30 percent, their 106 specific gravity, maximum dry unit weight and the minimum dry unit weights (Table 2) 
Grouting 111
The grouting equipment developed by Mollamahmutoglu and Avcı [29] was mainly made up of 112 a grout tank involving a propeller and manometer, also specimen molds measuring 120 mm in 113 length and 52 mm in diameter and the fitting components (Figure 2) . 114
Firstly, inside surfaces of specimen molds were slightly applied grease in order to reduce 115 sample disturbance during the course of removal following grouting. A sand layer of about 8 mm 116 thick coarse was laid out at the bottom of the molds to equally disperse the grout into the sample. 117
Sand was then poured into molds as three equal layers, and each of these was compacted by 118 using a wooden dolly to reach the intended density prior to the placement of next layer. Another 119 8 mm thick coarse sand layer was also laid out at the top of the molds to avoid the dragging of 120 particles together with the grout on exit. Following this, the end-plates of the molds were bound 121 together ( Figure 2) . Finally, the specimens in the molds were saturated with water in order to 122 ensure that no air bubbles could be released from the outlet. 123
The amounts of the component forming the sodium silicate-glyoxal grouts for this 124 experimental study are shown in Table 3 . 125
Initially, amounts of reactant and water which were previously determined by means of 126 graduared glass cylinders were blended entirely in a container by means of a magnetic agitator. 127
The previously determined sodium silicate was then added and the entire mixture was again 128 blended. The mixture was moved to the injection tank and was then grouted into the specimen in 129 the molds. Trial and error were utilized to determine the grouting pressures for specimens and 130 accordingly the permeation limit pressures were determined. An air compressor provided the 131 grout pressure which was monitored by a manometer mounted on it. 132 
Groutability 162
Groutability is defined as the ability to penetrate by grout to the porous material. It is a function 163 of the rheological properties of grouts and the physical qualities of the soil [1, 33] . When the 164 predetermined quantity of grout were fully injected into the specimens, the success of the 165 groutability was noted. The required amount of grout was figured out based on the porosity of 166 sand specimens at 30% relative density. The groutability of sodium silicate-glyoxal grouts into 167 sand specimens with different gradations at a relative density of 30 percent was investigated and 168 the results are displayed in Figure 8 . 169 170
Unconfined Compressive Strength (UCS) 171
The grouted sand specimens used for unconfined compression strength (UCS) tests were kept in 172 a vertical position for nearly three days in molds and they were then removed from molds, after 173 which all of them were cured under water in tanks at three different temperatures of 10 ºC, 20 ºC 174 and 30 ºC until testing time. The thermostat control heater and water circulating pump in the 175 curing tank were used to adjust the desired temperatures throughout the curing time. The desired 176 temperature values were entered into the digital display of the curing tank and the temperature 177 was adjusted. The samples were set to curing temperature values at room temperature while UCS 178 were performed. 179 injected specimens were cut off by diamond blade saw and capped by means of plaster of Paris. 181
The UCS tests in accordance with ASTM D4219-08 [34] were conducted on injected sand 182 specimens cured at 3, 7, 14, 28, 56 and 150 days. was 22% between +10 °C and +20 °C, while it was 13% between +20 °C and +30 °C (Figure 3) . 209
The viscosity values of the sodium silicate-glyoxal mixtures ranged from 2.05 cP to 6.10 cP at 210 + 10 °C, from 1.75 cP to 5.20 cP at +20 °C and from 1.50 cP to 4.80 cP at +30 °C. Viscosity 211 values decreased with increasing temperature. This reduction was an average of 16% between 212 +10 °C and +20 °C, while it was an average of 11% between +20 °C and +30 °C (Figure 4) . 213
The syneresis percentages of sodium silicate-glyoxal mixtures ranged from 42% to 68% at 214 +10 °C, 51% to 82% at +20 °C and 56% to 71% at +30 °C at the end of 720 th day ( The UCS values of the grouted samples decreased with time. This decrease was seen to slow 262 down after the 56 th day in the samples stored at +10 °C, and slowed down after the 28 th day in 263 the samples stored at +20 °C and this slowed down after the 7 th day in the ones stored at +30 °C. 264
It was seen that there was a decrease of 10% 21%, 23%, 30% and 16%, respectively in the UCS 265 values of the samples stored at +10 °C grouted with C1, C2, C3, C4 and C5 mixtures at the end 266 of the 150 th day. On the other hand, it was observed that there was a decrease of 15%, 24%, 28%, 267 42% and 20%, respectively at the end of the 150 th day in the UCS values of the samples grouted 268 with mixtures of C1, C2, C3, C4 and C5 and stored at +20 °C. In the same way, the samples 269 which were grouted with mixtures of C1, C2, C3, C4 and C5 and stored at +30 °C were seen to 270 experience a decrease of 19%, 30%, 37%, 56% and 24% in UCS values at the end of 150 th day. 271
This time-dependent decrease in UCS was caused by syneresis. When the syneresis phenomenon 272 occurs, the sample shrinks and the capillary fissures are formed and the strength is decreased 273 accordingly. The greatest decrease in the UCS values was seen in G4 grouted mixtures with the 274 largest percentage of syneresis, while the lowest decrease in the UCS values was seen in G1 275 grouted mixtures with the smallest percentage of syneresis ( Figure 9 ). 276
The strength decreased with increasing temperature (Figure 10 ) For example, the UCS values 277 of samples stored at + 10 °C are 1.24 times more than UCS values of the samples held at + 20 278 °C, while they are 1.63 times higher than the unconfined compression of the samples stored at 279 +30 °C. This decrease in strength is related to both the formed gel structure and syneresis. The 280 increase in temperature accelerates the reactions. As the reaction accelerates, a weaker gel is 281 formed and more syneresis occurs, which decreases the strength. In addition, while ultimate 282 strength is reached later at low temperatures, it is reached earlier at higher temperatures. For 283 example, while the samples held at + 10 °C reaches the ultimate strengths on average on 150 th 284 day, the samples stored at +20 °C reach the ultimate strengths on the average on 56 th day. Also, 285 the samples stored at +30 °C can be seen to reach the ultimate strengths on the 28 th day. (Figure  286 9). 287 are seen in samples grouted with C1 blends, while the lowest strengths are seen in blends grouted 289 with C5 blends (Figures 9 and 10) . 290
The gradation of sand grains also has an effect on the strength. The highest strengths are 291 observed in the grouted sand samples 2, while the lowest strengths are seen in the ones grouted 292 with sand samples 4 (Figures 9 and 10) . 
Permeability 305
The permeability values of samples grouted with C1 mixture and stored at +10 °C ranged from 306 3.70 x 10 -6 cm/s to 7.81 x 10 -6 at the end of 150 th day. The permeability values of the samples 307 stored at + 20 °C ranged from 4.63 x 10 -6 cm/s to 9.76 x 10 -6 cm/s at the end of the 150 th day. 308
The permeability values of the samples stored at +30 °C ranged from 5.56 x 10 -6 cm/s to 1.17 x 309
10
-5 cm/s at the end of 150 th day (Figures 15 and 16) . (Figures 15 and 16) . 330
The permeability values of ungrouted samples ranged from 3.22x10 -3 to 1.48x10 -1 cm/s. 331
When sodium silicate-glyoxal was injected into the samples, the permeability values decreased 332 between two to five orders of magnitude (Figures 14 and 16) . 333 to slow down after the 28 th day. In the grouted samples, the permeability values were decreased 335 by 70% between at 7 th and 150 th days respectively (Figure 15 ). 336
The permeability values increased with the increasing temperature. This increase was seen to 337 be 1.5 times between the samples stored at +10 °C and those stored at +20 °C, while it was 1.3 338 times between the samples stored at +20 °C and at +30 °C. The reaction in the gel was 339 accelerated with the increase of temperature. Acceleration of the reaction caused a weaker gel 340 formation and increased syneresis. This increased the permeability by increasing the voids in the 341 gel ( Figure 16 ). 342
The lowest permeability values are seen in samples grouted with C1 mixtures whereas the 343 highest permeability values are seen in mixtures grouted with C4 (Figures 15 and 16) . 344
The permeability was also effected by gradation. The highest permeability values are 345 observed in the sand sample 4 (medium sand), while the lowest permeability values are observed 346 in the sand sample 1 (fine sand). Increasing the ratio of fine sand decreased the permeability 347 values (Figures 15 and 16) . 348 349
Discussion 350
Given in the was shown in this study that the effect of temperature variation has a considerable effect on the 354 UCS of silicate grouted sand. 355 are given in Table 5 as comparison. As seen from the table, there was 
